Chemical pathways of peptide degradation: IX. Metal-catalyzed oxidation of histidine in model peptides.
To elucidate the nature of the reactive oxygen species (i.e., superoxide anion radical, hydroxyl radical, and hydrogen peroxide) involved in the metal-catalyzed oxidation of histidine (His) in two model peptides. The degradation of AcAla-His-ValNH2 (Ala-peptide) and AcCysNH2-S-S-AcCys-His-VaNH2 (Cys-peptide) was investigated at pH 5.3 and 7.4 in an ascorbate/cupric chloride/oxygen (ascorbate/ Cu(II)/O2) system, both in the absence and presence of selective scavengers (i.e., catalase, superoxide dismutase, mannitol, sodium formate, isopropanol, and thiourea) of the reactive oxygen species. All reactions were monitored by HPLC. The major degradation products were characterized by electrospray mass spectrometry. The Cys-peptide was more stable than the Ala-peptide at pH 5.3 and 7.4. Both peptides displayed greater stability at pH 5.3 than at 7.4. At pH 5.3, 35 +/- 0.7% of the Cys-peptide and 18 +/- 1% of the Ala-peptide remained after 7 hours, whereas at pH 7.4, 16 +/- 3% of the Cys-peptide and 4 +/- 1% of the Ala-peptide remained. Catalase, thiourea, bicinchoninic acid, and ethylenediaminetetraacetate were effective at stabilizing both peptides toward oxidation, while superoxide dismutase, mannitol, isopropanol, and sodium formate were ineffective. The main degradation products of the Ala- and Cys-peptides at pH 7.4 appeared to be AcAla-2-oxo-His-ValNH2 and AcCysNH2-S-S-AcCys-2-oxo-His-ValNH2, respectively. Hydrogen peroxide, Cu(I), and superoxide anion radical were deduced to be intermediates involved in the oxidation of the Ala- and Cys-peptides. Hydrogen peroxide degradation to secondary reactive oxygen species may have led to the oxidation of the peptides. The degradation of hydrogen peroxide by a Fenton-type reaction was speculated to form a complexed form of hydroxyl radical that reacts with the peptide before diffusion into the bulk solution.